Silicon diodes irradiated with helium ions with energies of 4.1, 6.8 and 8.9 MeV are studied. It is shown that the mechanism determining the behaviour of frequency dependence of complex electric module and correspondingly the behavior of impedance of diodes irradiated with helium ions in the frequency region 3200 kHz is a recharging of vacancy complexes localized in the space charge region.
Introduction
Irradiation with helium ions has been successfully applied for increasing the operation speed of bipolar semi- The purpose of this work is to study the eect of irradiation-induced defects introduced by helium ion irradiation on dependences of impedance Z of diodes on frequency f of alternate current.
Experimental technique
The diodes were manufactured on the uniformly phosphorous doped single-crystalline silicon wafers with resistivity of 90 Ω cm and the 460 µm thickness. The p + -type anode region was formed by boron ion implantation. The active area of the p + n-junction was 4.41 mm 2 .
The p + n-junction was located at x j ≈ 3 µm. This agrees with the results of boron diusion simulation.
The calculated distribution prole of the dierence of the p + n-junction (space charge region) in the asmanufactured diodes was found to be ≈4.5 µm at room temperature and U = 0. The contacts were formed by Al sputtering (contact thickness to p + -region was 1.5 µm).
The diodes were irradiated with helium ions from the 
Experimental results and discussion
The DLTS spectra are shown in Fig (plots 24). The quantity M * is proportional to the complex electric module M and is dened as M * = M/C 0 = ω(−Z + iZ ), where C 0 is the geometrical capacitance of a vacuum capacitor having the geometry identical to that of the examined sample, ω = πf is the angular frequency. From the point of view of physics, M * is the quantity inverse to the diode capacity [11] . For short, the quantity M * is further referred to as the complex electric module.
The inset in Fig. 3 (impedance, admittance etc.) is a sign pointing to the presence of several relaxation time constants [11] . In the case of the absence of irradiation-induced defects, the equivalent circuit of a silicon diode can be represented by two serially connected parallel RC-circuits [12] . Thus, it can be assumed that arcs I and III in the complex plane plot of complex electric module correspond to the space charge region and to the diode base.
Arc II in the complex plane plots of all irradiated diodes is observed equally clearly. can be assumed that arc II in the complex plane plots of complex electric module is attributed to the eect of the irradiation damaged layer, and arc II' is caused by the time-lag of recharging of irradiation-induced defects localized in the space charge region. The DLTS data conrm implicitly this assumption (see Fig. 2 ). Dielectric losses of diodes increase exactly in the case (see Fig. 1) when the space charge region captures the irradiation damaged region. This agrees also with the results [10, 12] and can be considered as an additional support for the stated assumption.
Conclusions
It is shown that the mechanism determining the behaviour of frequency dependence of complex electric module and correspondingly that of impedance of diodes irradiated with helium ions in the frequency region 3
200 kHz is recharging of vacancy complexes localized in the space charge region.
